This study investigates the influence of both financial and operational hedges on the foreign-exchange exposure of U.S. multinational corporations. Three important contributions of our research are: (1) we provide evidence that exposure of U.S. MNCs to foreign-exchange risk is asymmetric; (2) our results demonstrate that both operational and financial hedges can effectively reduce foreign-currency exposure; and (3) we find evidence suggesting that operational hedges serve as real options in that exposure varies not only as to whether the firm is a "net importer" or "net exporter" but also across weak and strong dollar states. Prior research assuming symmetric exposure to foreignexchange risk may be need to be re-evaluated in light of our finding that many MNCs have asymmetric foreign-exchange exposures. 
Introduction
The practice of corporate risk management has changed dramatically over the past two decades. Originally, risk management was implemented on an uncoordinated basis across different units of the firm. The primary focus of these ad hoc risk management programs was to minimize costs. Today, however, risk management of currency exposure has, in many cases, evolved to take a broader view of the firm that addresses both short-term and long-term exposures and encompasses financial as well as operational hedges. The ultimate goal of risk management is to reduce risk while placing the firm in a position to benefit from opportunities that arise from exchange rate changes.
1 Firms actively using real or financial options in risk management can hedge downside exposure and take advantage of upside exposure. For example, Davis and Militello (1995) describe how Union Carbide uses a one-year horizon for financial hedges (e.g., foreign-exchange derivatives), whereas for longer horizons, the company relies on operational adjustments in sourcing, utilization of different plant locations, and pricing.
We study risk management for multinational corporations (MNCs) by investigating the impact of both financial and operational hedges on MNCs' exposure to foreign exchange risk.
Changes in exchange rates can influence MNCs' current and future expected cash flows and ultimately, stock prices. The direction and the magnitude of changes in the exchange rate on firm value are a function of the firm's corporate hedging policy and the structure of its foreign currency cash flows. The latter depends on the firm's competitive position in the industries in which it operates, while the former consists of operational and financial hedges that MNCs utilize to manage currency exposure.
Beginning with the seminal study by Jorion (1990) , initial research in this area focused on whether corporations are exposed to foreign exchange risk [see Bodnar and Gentry (1993) , Bartov and Bodnar (1994) , Bartov, Bodnar, and Kaul (1996) , Chow, Lee, and Solt (1997a,b) , and Martin, Madura, and Akhigbe (1999) ]. Allayannis and Ofek (2001) and Simkins and Laux (1996) investigate the effect of financial hedging on foreign-exchange exposure. More recently, Pantzalis, Simkins, and Laux (2001) examine the ability of operational hedges to reduce exposure, while Brown's (2001) investigation focuses on the exchange rate risk management practices of a single firm. At present, Allayannis, Ihrig, and Weston (2001) is the only study that examines the combined influence of both financial and operational hedges on foreign exchange exposure.
We revisit the issue of the effectiveness of MNCs' corporate hedging policies that encompass both financial and operational hedging initiatives. More importantly, we extend recent evidence on the existence of asymmetric exposures to foreign exchange risk (see Miller and Reuer, 1998, and Andren, 2001 ). The above-mentioned studies do not provide evidence on the possible interdependence between exposure asymmetry and hedging, i.e. whether different corporate hedging practices are consistent with certain types of exposure (symmetric versus asymmetric). 2 Our research fills this gap in the literature by examining the relationship of financial and operational hedging programs of U.S.-based MNCs and foreign exchange exposure separately for combinations of (a) firms classified based on their value-association with real dollar value changes (i.e. "net exporters" and "net importers"), and (b) weak and strong dollar states.
It is common practice among firms to use a combination of production and marketing strategies across the firm's different operating units (operational hedges) to manage long-term exposure, whereas foreign exchange derivatives (financial hedges) are more often used to manage short-term exposure. Long-term operating policy adjustments are costly and difficult to reverse; therefore, they are most effective when the firm possesses a network of multiple operating units that span many business and geographic areas. The firm's ability to implement operational hedges is measured by examining the network structure of its foreign operations (i.e., the MNC network).
3
The use of financial hedges is analyzed by utilizing information on currency derivatives usage. We consider usage of different foreign currency derivatives contracts such as futures, forwards, swaps, options, forward rate agreements, and other derivative contracts that have a foreign currency as the underlying commodity. We argue that the use of a combination of operational and financial hedges should more effectively reduce exposure to foreign exchange risk, because it addresses the firm's overall exposure both in the short-and long-term, respectively.
2 In this study, we focus on what we regard as an important potential source of asymmetric exposure (real options hedging). Other possible sources are asymmetric pricing behavior or hysteresis (see Andren, 2001, and Koutmos and Martin, 2003) . 3 An MNC's network has to do with the number of different foreign nations in which operations are conducted, as well as the concentration of operations in various locations.
Our study accounts for the fact that the magnitude of a firm's exposure to foreignexchange risk affects its hedging decisions, and in turn hedging decisions affect the firm's exposure to changes in currency values. In other words, we recognize that foreign-exchange risk exposure and hedging are endogenous. Therefore, we model the determinants of foreign exchange exposure and hedging simultaneously using three stage least squares (3SLS)
regressions. 4 Our major findings are as follows: First, we uncover evidence that exposure to foreignexchange risk is asymmetric. Second, we find evidence that the use of financial and operating hedges is associated with a significant reduction in exchange rate exposure. Third, we find evidence to support the notion that operational hedges can serve as real options in that some firms are less exposed to downside risk and more exposed to upside risk. In addition, our results are robust to alternative methods of measuring currency exposure, operating hedges, and financial hedges.
This paper proceeds as follows: Section II examines prior research on foreign-exchange exposure and the use of operational and financial hedging to manage exposure. Section III discusses the methodology, data sources, and sample we use to investigate the determinants of foreign-exchange exposure by U.S. multinational firms. Section IV reports our empirical results
and Section V concludes.
II. The Use of Financial and Operational Hedging and Foreign Exchange Exposure
Foreign exchange exposure is an important source of risk for multinational corporations (MNCs). To effectively manage this exposure, MNCs can utilize financial hedges and operational strategies to achieve the optimal hedging outcome. This section describes the way that exposure affects firm value and how financial and operational hedges can be used to manage the exposure. Furthermore, we explain how operational hedges are not simply the result of geographic diversification, but can be viewed as real options. The real option aspect of multinationality allows the firm to utilize its network structure to increase exposure to favorable currency movements and minimize exposure to unfavorable currency movements. We argue that the real option benefits of multinationality have a far greater beneficial impact on exposure than a simple geographic diversification effect.
A. Foreign Exchange Exposure
Foreign exchange exposure is a measure of the sensitivity of the firm's cash flows to changes in exchange rate (see Bodnar and Marston, 2000 , Marston, 2001 , Levi, 1994 . Theoretically, the value of the firm is defined as the present value of its future cash flows. Since future cash flows are difficult to estimate, most empirical studies measure exposure by studying how the firm's stock price responds to exchange rates. Bodnar and Marston (2000) develop a simple model of foreign exchange exposure for a monopoly firm producing two products for two different markets. In their model, the profit (Π) of the firm consists of net revenue earned on selling both domestic and foreign products as follows:
where: X, X* = unit sales of the domestic good at home and abroad, respectively. Z, Z* = unit sales of the foreign-produced good at home and abroad, respectively. D(X), D*(X*) = inverse demand functions for P and P*, respectively, where P is proxy for operational hedging, changes fairly slowly over time, it is assumed here to be exogenous. the price in dollars and P* is the price in foreign currency. S = exchange rate (dollar price of foreign currency, $/foreign currency). C, C* = cost functions, denominated in dollars and foreign currency, respectively, representing the cost of producing the domestic goods (X + X*), and K, K* = cost functions, denominated in dollars and foreign currency, respectively, representing the cost of producing the foreign goods (Z + Z*).
Exchange rate exposure is measured by differentiating the profit (Π) with respect to the exchange rate (S), to obtain:
The above equation shows that there are two ways in which the firm's profits adjust to changes in the exchange rate. First, the firm's output changes in response to the change in the exchange rate as shown in the first set of brackets,
(dZ*/dS)}, and second, the firm's profits adjust in proportion to the initial level of net revenues denominated in foreign currency as shown in the second set of
If output is chosen optimally to maximize profits, the net effect of exchange rates on the firm reduces to:
6 In other words, for a firm at a profit-maximizing equilibrium, exposure is equal to the initial level of net revenues denominated in foreign currency. Bodnar and Marston (2000) show that this net exposure is dependent on only three variables: (1) h 1 , the percentage of the firm's revenues denominated in foreign currency, (2) h 2 , the percentage of the firm's expenses denominated in foreign currency, and (3) r, the firm's profit rate. They define this as the exposure elasticity, δ, and derive the model:
If the MNC produces enough goods abroad so that h 1 = h 2 , then the exposure elasticity for the MNC simplifies to: δ = h 1 . In essence, theoretical exposure for MNCs is the foreign currency denominated revenue as a percent of total revenue. While this result assumes a monopoly firm, Marston (2001) shows that this result continues to hold under some forms of oligopoly. He demonstrates that industry structure has a major impact on exposure.
In practice, while the MNC is not typically at a profit-maximizing equilibrium, the firm strives to reach that objective. Therefore, exposure is most broadly described by Equation (2).
MNCs can strive to reach optimal operation by using financial and operational hedges effectively to manage foreign currency cash flows that are exposed to exchange rate movements. For example, the monopoly firm described above can adjust sourcing of inputs (reflected by the cost functions C, C*, K, and K* in Equations (1) and (2) above) and outputs (reflected by unit sales X, X*, Z, and Z* in equations (1) and (2) above) throughout the network structure to achieve profit maximization.
B. Managing Foreign Exchange Exposure
Financial and operational hedges are two fundamental ways MNCs can manage exposure.
Flood and Lessard (1986) distinguish between two types of exposure: 1) transaction exposure and 2) operating exposure. Transaction exposure is the effect of unanticipated changes in real exchange rates on nominal cash flows. This is primarily a short-term exposure that can be hedged using financial derivatives. In contrast, operating exposure is the effect of unanticipated changes in exchange rates on the cash flows associated with a firm's real assets and liabilities. This is primarily a long-term exposure that amounts to the impact of unexpected changes in the exchange rate on the firm's competitive position. Logue (1995) and Chowdhry and Howe (1999) argue that operating exposure cannot be effectively managed using financial hedges.
Instead, they suggest that long-term strategy adjustments (i.e., operational hedges) are the most effective way of managing long-run operating exposure. 
C. Operating Hedges as Real Options
A firm's operating exposure to currency risk depends on the effect of unexpected changes in the exchange rate on the firm's output prices (e.g., product prices) and input costs (e.g., raw materials, labor costs, etc.). Since the correlation of prices with exchange rates is determined by the degree of segmentation of their respective markets, operating exposure depends on whether input costs and output prices are determined locally or globally. Firms facing substantial operating exposures, as is often the case for U.S. MNCs, can manage this exposure by devising 7 Quote from The Economist Intelligence Unit (1993) . 8 In fact, annual surveys conducted by the Wharton School and Chase Manhattan Bank find that many firms use currency derivatives to manage foreign-exchange risk (see Bodnar, Hayt, and Marston, 1998) . Surveys of corporate operating strategies that consist of combinations of different marketing initiatives, such as market selection or pricing strategy, and production initiatives, such as raw materials sourcing and production location (see Shapiro, 1996, and Capel, 1997 Obviously, not every firm will be able to manage currency risk exposure with the same degree of effectiveness. We argue that firms with operations spread over many currency and business areas are more insulated from foreign exchange exposure, because they have at their disposal a larger set of alternatives to devise effective operational hedges.
In effect, because of their operational flexibility across geographic regions, MNCs own a portfolio of real options not available to purely domestic firms. We identify five different real option strategies available to the MNC, these being the ability to: (1) shift input sources across borders or between substitute inputs, (2) shift production locations or factors of production,
exploit inter-and intra-country new product growth options, (4) vary the level of pass-through of exchange-rate and production-cost changes to sales prices (i.e. pricing flexibility), and (5) treasurers also reflect a trend toward management, not only of transaction exposure, but also translation exposure and economic exposure broadly construed (Jesswein, Kwok, and Folks, 1995) .
abandon foreign markets. 10 The degree of operating flexibility of a MNC is clearly a function of the structure of its foreign operations' network.
We postulate that MNCs that have operations in a large number of geographic regions will be in a better position to effectively construct operational hedges and take advantage of "real options" than similar-sized MNCs whose operations are concentrated in few geographic regions.
Of course, shifting sourcing, production, or other activities is not optimal if costs exceed the gains associated with the real option. Triantis (2000) states: "… if exchange rate volatility is high and if the production plants are expected to have long lives, it will be even more costly to purchase financial options that replicate the long-lasting competitive advantage of the real option." In essence, the real option value of flexibility is worth more when there is more uncertainty.
C.1. Shifting input sources
If adjustment costs (i.e., the cost to switch between suppliers such as the costs of negotiation) and lags (i.e., time lag in switching suppliers) are low, managers can expand purchases of inputs from suppliers in countries with favorable exchange rates and reduce purchases from other suppliers. Referring back to Equation (1), this real option allows the MNC to optimize the cost functions C, C*, K, and K* to raise the firm's expected cash flows and manage exposure optimally.
Consider the following example. Suppose a U.S. MNC purchases their inputs at home and pays in U.S. dollars, but has the ability to purchase abroad and incur foreign currency costs.
This firm has the opportunity to switch to the foreign currency strategy as soon as real exchange rate developments make it profitable. This strategy is comparable to a call option; the firm has paid a price, the call option premium (i.e., the investment in flexibility), for the opportunity to pay a fixed exercise price (the adjustment costs) and obtain inputs from the foreign supplier.
Likewise, if the firm currently purchases from a foreign supplier, it basically owns a put option (i.e. the opportunity to switch to the domestic supplier). In essence, the firm has "switching options" to select the home or foreign supplier or to select between different foreign suppliers based on exchange rate movements.
C.2. Shifting production locations or factors of production
An MNC can manage exposure by varying the capacity utilization of different plants and investing in various measures that facilitate production reallocation between countries. It is profitable to diversify production when cost fluctuations between countries are not identical and the incentive to diversify is inversely related to the correlation coefficient between costs fluctuations (De Meza and Van Der Ploeg, 1987) . In essence, this real option is more valuable when the correlation between marginal costs in the two countries is decreasing, the standardization of products is high, switching costs are low, and exchange rate uncertainty is high (Kogut and Kulatilaka, 1994, and Capel, 1997) . The ability to substitute is high if the MNC hires laborers on a temporary basis from employment agencies or has extra capacity in plants to make it easier to shift production if exchange rate movements justify it. Furthermore, Mello, Parsons, and Triantis (1995) theorize that the real operating flexibility option of sourcing production can increase expected cash flows by enabling the MNC to move outward to a new production possibilities frontier. However, in many industries, the hindrances to shifting production are substantial either because of non-standardization of products or because of labor relations.
C.3. Exploit inter-and intra-country new product growth options
Investment in a foreign subsidiary network generates the real option ability of an MNC to introduce new products in foreign countries. Firms with a presence in a country would find it easier to introduce a new product than a firm without a presence in that country. In essence, by establishing operations in a new country a firm also acquires the option to expand its product line at a later point in time.
C.4. Pricing flexibility
Flexibility in pricing is a real option that gives the MNC the ability to vary the level of pass-through of exchange-rates and production-cost changes to sales prices (see Andren, 2001 , Bodnar, Dumas, and Marston, 2002 , and Koutmos and Martin, 2003 . Full pass-through of exchange rates occurs when an exporter fixes the domestic currency sales price and allows foreign currency sales prices to fluctuate with the exchange rate. While this fixes the profit margin, sales prices and volumes will fluctuate with production costs. Full pricing-to-market of exchange-rate and cost changes occurs when the MNC fixes the foreign currency sales price and accommodates cost changes in the profit margin. This protects the level of sales, but the domestic currency profit margin will vary with the exchange rate and production costs. By exploiting the ability to choose the level of pass-through, MNCs that primarily export (what we call "net exporters") have the ability to exploit beneficial foreign currency appreciations and cost decreases if demand is elastic, and mitigate adverse foreign currency depreciations and cost increases if demand is inelastic. Likewise, MNCs that primarily import (what we call "net importers") have the ability to exploit beneficial foreign currency depreciations if demand is elastic, and mitigate adverse foreign currency appreciations if demand is inelastic. 11 Under these conditions, exchange rate exposure should be asymmetric. We predict that such MNCs will be more exposed in beneficial states and less exposed in adverse states.
C.5. Abandoning foreign markets
Another real option of the MNC is the ability to abandon a foreign market when losses occur to the extent that the viability of the operations is threatened by such factors as low prices on outputs, high costs of inputs, or lack of competitiveness in the market relative to other producers. This real option strategy is comparable to a real option. However, abandoning markets is associated with costs (i.e. re-entry expenses) if the firm hopes to return in the future.
Customer relations can also be hurt making it difficult to regain market share. Furthermore, Christophe (1997) and Koutmos and Martin (2003) argue that hysteresis can cause firms to maintain high sunk-cost investments even when market conditions become unfavorable.
D. Operating Hedges as Real Options and Asymmetric Exposure Outcomes
The option value of multinationality is different from that of the benefits of geographic diversification. The benefits of diversification for an MNC are created by the reduction in variance of the overall portfolio of subsidiary cash flows. From portfolio theory, we know that if the returns on assets are imperfectly correlated, the return on a portfolio of assets is less variable than the summed variability of the returns on the individual assets. Because different exchange rates are not perfectly correlated, it can be argued that a firm can reduce exposure impact by diversifying cash flows over different currencies. However, Jacquillat and Solnik (1978) provide empirical evidence indicating that this simple diversification effect is of minor value to the MNC because shareholders can achieve it more efficiently through capital markets. Clearly, shareholders are unable to replicate the benefits of real options on their own.
Real option theory suggests operational flexibility enables the firm to selectively exploit favorable currency movements to maximize profit potential and minimize the impact of adverse currency movements and downside risk. Hence, we predict that a successful hedging program will result in asymmetric exposures by reducing exposures in "bad" states and increasing exposure in "good" states. If firms do not possess real options for exposure, we would observe symmetric exposures for both currency appreciations and depreciations.
To examine whether MNC exposures are symmetric (i.e. the MNC network structure provides a geographic diversification effect) or asymmetric (i.e. the MNC network structure provides a real options effect), it is necessary to separate time series data into periods of strong U.S. dollar appreciations and depreciations and estimate exposures for each firm in each period.
Following that, the relation between the aforementioned estimated exposures and the multinational network structure can be analyzed separately for good states (dollar appreciations for net importers and dollar depreciations for net exporters) and bad states (dollar depreciations for net importers and dollar appreciations for net exporters). We investigate these issues in Section IV.
E. Related Empirical Evidence
Most recent empirical studies in the risk management area have examined financial hedging by nonfinancial corporations, including MNCs. For instance, Nance, Smith, and Smithson (1993) , Dolde (1995) , and Mian (1996) examine the hedging policies of corporations.
Further, Géczy, Minton, and Schrand (1997) investigate the use of currency derivatives by firms.
They find that corporations with extensive exposure to foreign-exchange risk are more likely to use currency derivatives. While these studies focus on the determinants of a firm's hedging policies, they do not investigate the effectiveness of the policies.
To date, only a few studies have investigated the effect of financial hedging on foreignexchange exposure. Simkins and Laux, 1996 , find that Fortune 500 industrial firms which use currency derivatives and which are more diversified (as measured by the SIC code), are less exposed to foreign exchange risk. Allayannis and Ofek, 2001 , find that firms use derivatives for hedging and that derivatives usage significantly reduces the exchange-rate exposure of sample firms. Additionally, Pantzalis, Simkins, and Laux (2001) Our study contributes to the literature by examining the combined effectiveness of financial and operating hedges as risk management tools while also accounting for the endogeneity between foreign exchange exposure and hedging decisions. 12 Furthermore, our paper is the first to investigate whether the benefits of operational hedges are due simply to a diversification effect or to real option benefits of multinationality.
II. Data Sources and Methodology

A. Data Sources and Sample Selection
Data utilized in this study are obtained from a variety of sources. Firm-specific financial data used in the cross-sectional regressions are obtained from COMPUSTAT for the year 1996, the mid-point of our study. We collect the 1996 common equity ownership data from Disclosure. We select MNCs from the cross-section of NYSE-, AMEX-and NASDAQ-listed U.S.-based mining and manufacturing firms (i.e., firms with SICs of 3999 or less). We first identify all publicly traded U.S. firms from this group that paid some foreign taxes and had foreign sales of at least 10 million dollars in 1996 from the Compustat database. This screen resulted in 620 firms. A MNC is defined as a firm that has at least one majority owned foreign subsidiary. Data on MNCs' financial hedging practices are obtained from the SWAPS Monitor database for 1996 and is available for 350 firms. We compute exposure coefficients for the intersection of these two data sets that also have available CRSP data. This results in 256 firms.
Finally, a sample size of 208 U.S.-based MNCs, is obtained for all MNCs for which complete financial, ownership, and subsidiary location data are available.
Stock return data are obtained from the University of Chicago's CRSP database for the sample period January 1994 to December 1998. We obtain foreign-exchange data from the U.S.
Federal Reserve Board (FRB). Changes in international trading relationships make it necessary
to select exchange rate indexes comprised of currencies that most accurately reflect U.S.
competitiveness in world markets. Newer indexes created by the FRB focus more directly on the dollar's movements in foreign exchange markets against a broader set of currencies and are designed to reflect the changing structure of trade patterns and exchange rates. The FRB updates currency weights in their indexes annually to most accurately measure the U.S. dollar's competitive value. FRB's nominal Broad Index, which consists of thirty-five currencies of all foreign countries or regions that had a share of U.S. non-oil imports or nonagricultural exports of at least 0.5 percent in 1997, is used in our tests.
13 12 For a study that examines the financial and operational hedging decisions of two firms in the gold mining industry, see Petersen and Thiagarajan (2000) . 13 Our results are also robust to using the following two indexes published by the FRB: (1) the nominal Major Index, which includes sixteen currencies traded in deep and relatively liquid financial markets and for which shortand long-term interest rates are readily available, and (2) 
B. Measuring Foreign Exchange Exposure
We use a two-step procedure to investigate the effect of derivatives usage and a firm's multinational network structure on its exposure to foreign-exchange risk. We first estimate the effect of exchange rate changes on the stock returns for our sample firms using a two-factor market model as shown in Equation (4):
where: R it is the rate of return on the ith company's common stock in month t, R mt is the return on the market index, R ct is the return on the exchange rate index, and ε it is the standard error term.
The exchange rate is measured as the price of the U.S. dollar in foreign currency; therefore, a positive value for R ct indicates a strengthening dollar. For each firm, the estimated coefficient γ i measures the sensitivity of the firm's stock returns to changes in foreign-exchange rates, and can be either positive or negative. We use the exposure coefficients estimated in Equation (4) as the dependent variables in cross-sectional regressions to identify the factors that on the currency indexes, refer to Appendix 1 and see Leahy (1998) This methodology is standard in other research examining currency exposure (e.g., Jorion, 1990 , Bodnar and Gentry, 1993 , Bartov and Bodnar, 1994 , Choi and Prasad, 1995 , Simkins and Laux, 1996 , and Bodnar and Wong, 2000 . Furthermore, Griffin and Stulz (2001) recommend this approach due to the complexity of the effects on firm value of exchange rate shocks.
The equally weighted CRSP market portfolio return (EWR) is used as the measure of the market return (R mt ) in the estimation of Equation (4), as recommended by Bodnar and Wong (2000) . 16 Bodnar and Wong point out that the value-weighted CRSP market portfolio return (VWR) can distort the sign and size of the resulting exposures because of an inherent relation between market capitalization and exposure. They state that exposure studies using the VWR control not only remove the "macroeconomic" effects from the exposure estimates, but also cause a distribution shift in the positive direction for exposure estimates. They show that replacing the VWR with the EWR in Equation (4) results in residual exposures that are more consistent with the actual cash flow impact of exchange rate changes predicted by corporate finance models. For this reason, Bodnar and Wong recommend using the EWR control to correct for the potential bias of the VWR control and to achieve less distortion in the residual exposures.
We estimate the stock-price sensitivity to changes in exchange rates for our sample firms for the period 1994-98. This sample period is chosen for two reasons. First, we know which firms actively use currency derivatives over this period based on reporting disclosures and limit our study to a period where hedging practices are most likely to be consistent. Second, prior studies by Bartov, Bodnar, and Kaul (1996) and Chow, Lee, and Solt (1997a) find that a firm's exposure changes over longer time frames. Among other factors, this is likely due to changes in a firm's MNC network. To avoid time-varying exposure coefficients, we limit our study to a five-year period.
C. Testing for Asymmetric Exchange Rate Exposure and the Effect of Real Options
Most previous research studies in the area of foreign exchange exposure and risk management have assumed that the impact of positive and negative changes in the value of the dollar on the firms' values is symmetric, i.e. that exposures to dollar appreciations and depreciations are similar. However, we argue that if firms use operational hedging techniques that resemble real options in that they seek to provide both downside protection as well as the ability to exploit upside exposures, the exposure to exchange rate changes will be asymmetric.
Recent studies such as Miller and Reuer (1998) and Andren (2001) provide evidence of asymmetric exposures to exchange rate changes.
Our study examines whether U.S. MNCs are asymmetrically exposed to extreme changes in value of the dollar. We classify firms as "net importers" (positive exposure coefficient) or "net exporters" (negative exposure coefficient) based on the sign of the coefficient γ from the weekly returns regression model (Equation 4). We then identify the top and bottom quarters in our 5-year study period in terms of changes in the value of the dollar. We re-estimate Equation (4) using weekly observations within the top and bottom quarters to obtain the exposures to "strong dollar" and "weak dollar" states, respectively. We follow Miller and Reuer (1998) 
D. Determinants of Foreign Exchange Exposure
We hypothesize that both financial and operational hedges can be effective in reducing foreign exchange exposure. To test this hypothesis, we analyze exposure to changes in the exchange rate separately during strong dollar and weak dollar states by the following crosssectional regression :
where: J is an indicator of the dollar state, i.e. J can be either "strong dollar" or "weak dollar", The exposure coefficient, γ I, J , is estimated from Equation (4) using observations of dollar changes in dollar state J. We then compare the coefficients from the weak dollar and strong dollar states regression model in order to detect whether the impact of hedges on exposures is symmetric or asymmetric. This comparison is performed separately for firms previously classified as "net importers" and "net exporters". The prediction of the real options hedge hypothesis is that firms' hedging activities would reduce exposure in adverse states and increase exposure in beneficial states. If, on the other hand, the MNC network provides a linear hedge across all states, then the portfolio hedge hypothesis predicts that exposure would be negatively related to the breadth of the network. In order to make the results easier to compare across the models estimated for firms with negative and positive overall exposures (i.e. for "net exporters" and "net importers", respectively), we use the absolute value of the estimated exposure coefficient as the left-hand side variable.
The estimation of Equation (5) is conducted using weighted least squares in which we weight our independent variables by the reciprocal of the squared standard error of the exposure coefficient from estimating Equation (4) in strong and weak dollar states, respectively. This procedure gives more weight to the exposure coefficients that are estimated more precisely.
The ability to effectively design and implement operational hedges to reduce operating exposures is expected to be a function of a MNC's operating flexibility. As shown by Pantzalis, 
where: NFS i is the number of foreign subsidiaries in country i and NFC j is the number of foreign countries in geographic region j.
A higher value for either index, HERF1 or HERF2, indicates a more highly concentrated network structure and is hypothesized to be associated with increased foreign exchange 18 Breadth describes dispersion of a firm's operations and is measured by the number of foreign nations in which the MNC has subsidiaries. Depth measures the geographic concentration of an MNC's foreign subsidiaries. Allen and Pantzalis (1996) , Doukas, Pantzalis and Kim (1999) , and Pantzalis, Simkins, and Laux (2001) demonstrate the importance of breadth and depth measures in describing a MNC's network. 19 The foreign subsidiaries were assigned to the following nine major geographic regions, depending on the location of each subsidiary's host country. index value) is a proxy for high levels of effective operational hedges and, thus, it is hypothesized to be associated with lower foreign exchange exposure.
Firm size is included to control for any sized-based differences in riskiness, operational activities, or expertise. The firm's foreign sales ratio, FSALER, is included to control for the influence of foreign sales on exposure coefficients (see Allayannis and Ofek, 2001 ).
We implicitly assume that the derivative use and MNC network variables proxy for the firm's financial and operational hedging efforts, respectively. In our estimation of Equation (5), we test three null hypotheses related to derivatives usage and multinational network. These hypotheses are:
Hypothesis 1 [H1]: A firm's use of financial hedges (derivatives) does not affect its exposure to foreign-exchange risk, Hypothesis 2 [H2]: A firm's use of operational hedges (as reflected in the MNC network structure) does not affect its exposure to foreign-exchange risk, and
Hypothesis 3 [H3]: A firm's operational and financial hedges have the same effect on exposure in states of strong and weak dollar.
Rejection of H1 suggests that a firm's derivatives activities affect its exposure to changes in foreign-exchange rates. In particular, we expect a negative result indicating that the use of derivatives reduces exposure to foreign-exchange risk. Further, rejection of H2 implies that a MNC's network is an important factor in its exposure to exchange rate risk, consistent with the notion that it captures a firm's ability to implement operational hedges. We argue that the MNCs Thus, the level of γ i  and corporate hedging decisions are determined simultaneously. To control for endogeneity, in the sense that the use of derivatives is a function of MNC network and exposure, we estimate a system of equations using three-stage least squares (3SLS). The analysis is performed separately for strong and weak dollar states and for "net exporters" and "net importers", respectively. This is done in order to investigate whether the relationship between hedging and exposure changes consistent with the real options hedging strategy, or whether it implies that hedging is implemented so as to reduce risk across all states of nature, consistent with the portfolio diversification analogy. The exposure model is based on Equation (5), but expanded using the methodology of He and Ng (1998) through the use of an indicator variable D, which takes the value of 0 when γ is positive and 1 when γ is negative. This is done to capture the differential impact of the explanatory variables on both firms with positive exposures and those with negative exposures.
Thus, the following system of equations is estimated: 
QR i is the quick ratio for firm i,
FSALEP i is total foreign sales as a percent of total sales for firm i, γ i  is the exposure coefficient estimated in Equation (1), and ω i and ζ i are standard error terms.
The independent variables included in Equation (7b) are consistent with those from prior studies of derivatives usage and hedging behavior. For example, we include size as a proxy for the firm's expertise in devising hedges [see Nance, Smith, and Smithson (1993) , Mian (1996) , and Géczy, Minton, and Schrand (1997), among others]. The quick ratio, QR i , is included to control for the fact that firms hedge to reduce the costs of financial distress [see Géczy, Minton, and Schrand 
IV. Empirical Results
A. Estimation of Foreign-Exchange Exposure
The exchange rate exposure of the sample firms is estimated from Equation (4) using weekly data over a 5-year period for the stock return, the equally-weighted market index (as recommended by Bodnar and Wong (2000)), and the FRB nominal exchange rate index. The descriptive statistics for the resulting exposure coefficient, γ i, , are shown in Table 2 . The mean value of γ i, is -0.0486 indicating that on average, a one percent increase in the dollar's value results in a 0.049 percent decline in MNC stock prices. Alternatively, this indicates that the average U.S. MNC in our sample behaves like a firm that benefits from dollar devaluations. This is consistent with the macroeconomic evidence for the United States that indicates average firm profits in the U.S. rising during weak dollar periods. The number of firms with negative exposures is 119, or about 57% of the sample. Overall, there are 22 firms with significant exposure (i.e., 10.58 % of the total sample) at the 5 percent level, out of which 15 are negative and 7 positive. Thus, when estimating exposures over the whole 5-year period, significance is detected in a relatively small number of firms, as is the case in prior studies. [Insert Table 3 about here]
B. Descriptive Comparisons of Sample Firms' Exposures
In this section we explore how many of the firms in our sample are symmetrically or asymmetrically exposed to strong and weak dollar states by examining patterns of exposures to large dollar appreciations and depreciations, respectively. In addition, we examine whether foreign operations network structures vary significantly between groups of firms classified based on their patterns of exposure combinations. That helps us shed more light on the important issue of the type of risk protection firms obtain from operational hedges, and on the type of multinational network structure that best facilitates a specific type of hedge. On one hand, operational hedges may provide firms with protection from foreign-exchange risk consistent with a diversification effect, whereas the firm would obtain an across the board risk reduction, in both bad and good states. On the other hand, the MNC network could allow the firm to set real option hedges whereas the firm is protected (i.e., not exposed) during bad states and left unprotected in the good states (i.e. left exposed to beneficial currency value changes). Moreover, the MNC network structure of firms that are exposed consistent with a diversification hedge (i.e. firms with symmetric exposures) may be different than that of firms exposed in a manner consistent with a real options hedge (i.e. firms with asymmetric exposures).
We follow the framework of Miller and Reuer (1998) [Insert Table 4 about here]
We examine the patterns of the distribution across the nine cells of the exposure matrix separately for "net importers" (Panel B-1) and "net exporters" (Panel C-1). We find that about half the firms in each of the two groups of firms are not significantly exposed to either strong or to weak dollar states (38 out of 89 "net importers" and 58 out of 119 "net exporters"). We also observe that 23 out of 89 "net importers" and 29 out of 119 "net exporters" are classified in cells VI and II. Thus about a quarter of our sample's firms have asymmetric exposures consistent with real options hedges. Moreover if we add the numbers of firms in cells II, III and VI, which are firms beneficially exposed, or well hedged, we see that they constitute about one third of the total sample. There are four "net importers" and ten "net exporters" with symmetric exposures (cells IX and I). Firms that display combinations of exposures consistent with being adversely exposed, or poorly hedged (see cells IV, VII and VIII), make up a quarter and a tenth of the "net importer"
and the "net exporter" samples, respectively. Overall, the distribution of firms in the exposure matrix indicates that a substantial number of firms are displaying exposure combinations consistent with real options hedges. The number of such firms is also four to six times larger than that of firms with symmetric exposure patterns, indicating that there are many more MNCs whose exposures are consistent with real options hedges.
Next, we examine whether there are differences in the mean values of the MNC network structure variables among the groups of firms that are utilizing real option hedges or optimal hedges, and those groups that display no exposure, symmetric exposure, or those that are poorly hedged. This is done in Panel B-2 for "net importers" and in Panel C-2 for "net exporters". The results show that the "net importers" that implement real hedges or are optimally hedged have MNC networks that are spread out over a larger number of foreign regions and foreign countries, than the network of firms that are symmetrically exposed and the firms that are poorly hedged. In addition, the concentration of the foreign operations network (as captured by the two Herfindahl indexes HERF1 and HERF2) is significantly lower in the case of firms that are asymmetrically hedged or well hedged. This is consistent with the notion that foreign networks with extensive "breadth" allow the firms to implement real options hedging programs that result in asymmetric/beneficial exposures. However, this evidence is not apparent in the case of "net exporters" where most of the mean differences are insignificant. Table 5 provides evidence on the effectiveness of financial and operational hedges during adverse and beneficial exchange rate states. The analysis is conducted separately for "net importers" (Panel A) and "net exporters" (Panel B). We estimate the model in equation (2) for strong dollar exposures and weak dollar exposures using seemingly unrelated regressions with robust standard errors (White, 1980) to control for heteroscedasticity. Also reported are the level of significance (if any) from the difference in coefficients test between the strong dollar and the weak dollar regressions. The prediction of the "diversification" hedge is an across the board reduction in risk. In other words, we would expect a negative coefficient in both the adverse and the beneficial states and no significant difference in the coefficients of the derivatives and the MNC network variables between the adverse and beneficial states' regressions. The real option hedge would imply a significantly more negative coefficient for adverse state regressions than in the case of beneficial states regressions. 22 The results in Table 5 are consistent with a real options hedge for "net importers" and with a diversification hedge for "net exporters". Both the derivatives and the operational hedges result in a significant reduction of exposure in weak dollar (adverse) states for the "net importers". In addition, there is no significant effect on exposure during strong dollar (beneficial) states. The difference in coefficients between weak and strong dollar regressions is significant for the MNC network variables, consistent with the notion that there is a real options nature to the operational hedges implemented by "net importers". On the "net exporters" side, there are no instances of significance in the hedging variables' coefficients, except for the number of foreign regions (NFR). Thus, for "net importers" the evidence is consistent with a symmetric effect of hedging on exposure across weak and strong dollar states as would be the case in a "diversification" sense.
C. Regression Results
[Insert Table 5 about here]
Results of our 3SLS regression analysis for different variants of the simultaneous equations system (7a) and (7b) are presented in Table 6 . As shown previously in Table 2 , 119 of the estimated exposure coefficients (γ i ) are negative, while just 89 are positive. It therefore makes sense to determine whether the relationships between exposure and our independent variables are the same for both the positive and negative exposure firms. Following He and Ng (1998), we use a dummy variable (D) to separately examine the determinants of positive (D=1) and negative (D=0) exchange rate exposures. Thus, in Table 6 , the estimated coefficients for positively exposed firms are indicated by the product of D and each independent variable, while the estimates for negatively exposed firms are indicated by the product of (1-D) and each independent variable. We report the estimated coefficients and corresponding standard errors for four regressions, each using a different measure of the MNC network structure. Thus, columns 1 through 4 present findings for the models using operational hedging measures NFC, NFR, HERF1, and HERF2 respectively. The dependent variable is the absolute value of the foreignexchange coefficient estimated from Equation (4) applied separately to weekly exchange rate index changes during strong and weak dollar states. Thus, in Panel A of Table 6 are the results for the regressions using the absolute exposure coefficient in the strong dollar states as left-hand side variable. The dependent variable in the corresponding regressions in Panel B is the absolute exposure coefficient obtained from Equation (4) estimated during the weak dollar states.
Overall, the estimated models have strong explanatory power with pseudo-R-squared values in the range of around 57 to 66 percent. In addition, the χ 2 -statistics indicate that all models are significant at better than the one-percent level. The results for the strong dollar states regressions indicate that derivatives (DER) reduce exposure of "net exporters", consistent with the notion that financial hedging reduces exposure in adverse states for "net exporters". Further, the negative coefficient estimates of DER provide strong evidence that firms are using currency derivatives to reduce their exposure to foreign-exchange risk. There is no relationship between exposure and MNC network for either "net exporters" or "net importers" in strong dollar states.
The weak dollar states regressions results (Panel B) indicate that both the financial and the operational hedges reduce exposures of "net importers", while generally they are insignificant for the "net exporters". The MNC network variables are proxies of the firm's ability to construct operational hedges. For positively exposed firms ("net importers"), the estimates for NFC (number of foreign countries) and NFR (number of foreign regions) are negative and significant, implying that foreign exchange exposure is less for firms operating in a greater number of countries or regions. In addition, HERF1 and HERF2 (which are variables that measure the degree of concentration of the MNCs' foreign operations network) are positive and significant, suggesting that firms with operations highly concentrated in a few countries or regions have greater exposure to foreign-exchange risk.
The results in Table 6 are consistent with the evidence from the previous tables; i.e., operational hedging ability, reflected in MNCs' network structure, seems to provide a real options-type hedge against foreign-exchange risk for "net importers". In particular, in the case of "net importers" we find that spread-out foreign operations networks reduce exposure to unfavorable currency movements only. Finally, foreign sales ratios (FSALER) are positively related to exposure for both "net exporters" and "net importers", while lager "net exporters" are found to be less exposed during weak dollar states.
[Insert Table 6 about here]
Overall, the results support a rejection of the null hypotheses that a firm's derivatives use and multinational network do not affect its exposure to foreign-exchange risk (Hypotheses H1 and H2). However these effects are not found to be similar across net exporters and net importers in strong and weak dollar states. Instead, for the positively exposed firms ("net importers) in our sample, the results suggest that firms with foreign operations networks dispersed across many different countries or regions are less exposed to unfavorable dollar value movements. This finding, which supports a rejection of hypothesis H3 for "net importers", is consistent with the notion that "net importer" firms whose operations span a large number of geographic/currency areas can implement operational hedges that resemble real options hedges. These firms adjust their operating policies so as to offset exposures in different currencies when the dollar value increases (adverse states), but, at the same time, they are left exposed to beneficial currency value movements. Interestingly, this is not the case for the negatively exposed firms ("net exporters").
VII. Conclusion
This study investigates the influence of both financial and operating hedges on the foreign-exchange exposure of U.S. multinational corporations. We build on previous studies of currency exposure to more fully understand how corporate risk management practices can reduce exposure to exchange-rate risk by managing risk across the firm. The three important contributions of our research are as follows: (1) we provide evidence that exposure of U.S.
MNCs to foreign-exchange risk is asymmetric. In particular, we find that only a minority of our sample firms is exposed to both strong and weak dollar states in a similar fashion (i.e. are symmetrically exposed), while a substantial amount of firms displays exposures similar to those resulting from real options hedges. (2) After accounting for the endogeneity between exposure and hedging by using a simultaneous equations model, we present evidence demonstrating that operational hedges and financial hedges can effectively reduce foreign currency exposure. The ability to construct operational hedges, reflected in the MNC network structure, and the usage of various currency derivatives are significant determinants of currency exposure. (3) We find evidence suggesting that the effectiveness of the operational hedges vary across the "net importers" and the "net exporters" in our sample, and also, across weak and strong dollar states.
Operational hedges, reflected in the MNC network structure, result in providing "downside" risk protection while allowing firms to enjoy favorable dollar movements for "net importers" only. 
2 , where NFS i is the number of foreign subsidiaries in country i.
Operational Hedges
HERF2
+ Herfindahl Index 2: The index is calculated as follows:
where NFS j is the number of foreign subsidiaries in geographic region j.
Table 2 Estimated Exposure Coefficients
Reported are the minimum, maximum, quartiles, means, standard deviations, ranges, number negative, and significance levels for the foreign exchange exposure coefficient γ i (i.e., the exposure coefficient obtained using the nominal broad exchange rate index and an equally weighted market portfolio). Mean exposure coefficients are also calculated separately in weak $ states (γ W ) and strong $ states (γ S ). Exposure coefficients (γ i ) were estimated using Equation (1) (White (1980) ) are used to control for heteroskedasticity. Significance levels are indicated as follows: *** 1%, ** 5%, * 10%. The independent variables are: SIZE = ln(market value). MNC network = NFC or NFR or HERF1 or HERF2. DER/FS = Derivatives' notional value / Foreign sales.
Panel A: "Net Importers":
This panel reports estimates of the determinants of the absolute exchange rate exposure in adverse (weakening) and beneficial (strengthening) U.S. dollar exchange rates for "net importers", i.e. for firms with positive exposure coefficients over the period [1994] [1995] [1996] [1997] [1998] ), the dependent variable is the absolute value of the exposure coefficient (γ i ), and the independent variables are: the natural logarithm of firm market value (SIZE), the notional value of derivatives scaled by foreign sales (DER), measures of the firm's multinational network (NFC, NFR, HERF1, and HERF2) , and the foreign sales ratio (FSALESR). The specification is similar to that used by He and Ng (1998) to account for behavioral differences between firms with positive exposure coefficients (D=0) and firms with negative exposure coefficients (D=1). To control for heteroskedasticity, we weight our observations by the exposure coefficient's standard error. In the second equation (refer to Equation 7b), the dependent variable is DER and the independent variables are SIZE, FSALES, NFC, quick ratio (QRATIO), and the absolute value of the exposure coefficient (|γ i |). Significance levels are indicated as follows: *** (1 percent), ** (5 percent), and * (10 percent). 
Appendix 1 Currency Indexes and Trade Weights
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